HETEROMORIH AMMONITES FROM THE ALBIAN OF SOUTH AUSTRALIA 


by K. J. MCNAMARA* 


Summary 


MeNamara, K. J. (1980) Heteromorph ammonites from the Albian of South Australia. Trans. 
R. Suc. 5. Aust. 104(6), 145-159, 28 November, 1980. 


The heteromorph ammonite Protunisoceras Spath is described from Australia for the first 
lime. Five forms are recognised from the Albian Oodnadatta Formation in South Australia, 
including P. auriculam sp, nov, and P, gracile sp, nov. By comparison with species from the 
Alhian of Europe, a Middle Albian age is suggested for part of the Oodnadatta Formation 
in which they occur, In addition Appurdiveras eordycepoides (Etheridge 1905) is redeseribed 
and the relationships of the genus reassessed; a species of Hamites js described; and the Laie 
Albian species Anisoceras sweeti sp. nov. described, 


Introduction 

Ammonites form a much less important part 
of the marine Cretaceous fauna of the Great 
Artesian Basin in South Australia than in 
Queensland; hence few species have been de- 
scribed, Albian ammonites were first described 
from S.A, by Etheridge (1905) who de- 
seribed “Haploceray sp,, Aniseceras (2) sp., 
Ancyloceras cordycepoides and Crioceras 
flindersi’® from the area of Dalhousie Springs, 
The “flaploceras” is probably Falciferella (sce 
helow). Whitchouse (1926) proposed Appur- 
diceras to accommodate A. cordycepoides, 
while “C.” flindersi belongs in Myloceras 
(Reyment 1964a; McNamara 1978), The only 
other Albian ammonites to have been de 
scribed from S.A. are Faleiferella breadeni and 
F. reymenti Brunnschweiler (1959) and a Late 
Albian fauna including species of Myloceras 
and Labeceray described by Reyment (1964 
a.b). Ludbraok (1966) illustrated specimens 
which she referred to Mvloceras axonoides 
(Etheridge) and Labeceras papulatum White- 
house. 

The present study is based primarily on col- 
lections from the Albian Oodnadatta Forma- 
lion housed in the palaecontolagical collections 
of the S.A. Department of Mines & Energy 
(GSSA). The specimens were collected from 
calearcous nodules, which occur within a soft 
wypscous shale. mainly from Algebuckina 17 
(Ludbrook 1966), 32 km SSE of Oodnadatta 
at lal. 27°494°S, lone. 135°344'E. Additional 
specimens are from Toodla 8, which is 3 km 
SW of ML Arthur at lat, 27°31'S and long. 
145°4'E (Fig. 1). 

Specimens identified from these localities 
(QODODNADATTA 1.250000 geological map 
Sheet) ure: 


è Western Australian Museum, Francis Street, 


Perth, W.A, 6000. 


Protaniseceras auriculum sp. nov. P. 
gracile sp, nay, P. aff. gracile sp. nov., 
Hamites cl. attenuatus J. Sowerby 1814, 
Falciferella sp. (Ludbrook 1966, p. 44). 
The second collection on which this work 
i$ based was obtained by G. Sweet from the 
Maree Subgroup and presented to the National 
Muscum of Victoria (NMV) in 1914. The 
specimens are recorded as coming from “Prim- 
rose Springs, Peake Station”. Ludbrook (1966) 
considered that this locality may be near 
Primrose Hill at 28°10°S, 136°25’E. From an 
carly description, she now considers that 
Primrose Hill and Springs is a mound spring 
with seepage at the base and that the various 
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Fig. |. Map showing fossil localities mentioned in 
text. Aptian/Albian boundary after Ludbrook 
(1966, Map 2). Stratigraphic information after 
Freylag (1966, Fig. l). 
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specimens collected from ‘Primrose Springs’ 
are frorn the general area along The Neales 
in the NE of the WARRINA 1[:250 000 map 
sheet where both Aptian and Albiun sirata 
occur (Ludbrook 19660, Map ë: Thomson 
1980), Specimens identified from this locality 
are: 
Anisočèras sweeti šp, nov. Protani- 
soceras sp. A, P. sp. B, Hamiter cf, 
ulfenuaius J, Sowerby (814, Sanmartinu- 
eras (Sinzevia) fontinale (Mudleston 
1590), 
The age of the rocks at this locality is dis- 
cussed below, 

Finally, Appurdiceras cordycepoidey (Ethe- 
ridge 1905) is redeseribed and reinterpreted 
on the basis of Etheridge’s syntypes from the 
Oodnadatta Formation al Dalhousie Springs 
{Fiu, 1). one of which is housed in the S.A. 
Muscum (SAM), whilst the other has been 
located in the NMV, AIL material was collected 
from surface outcrop, 


Systematic palacontology 
Family ANISOCERATIDAE Hyatt 1900 
ANISOCERAS Pictel 1554 
Type species: Hamites saussureantiy Pictet in 
Pictet & Roux 7847, 
Anisoceras sweeti sp, noy 
FIGS 2, 6D 


Enoielogy: Named alter G. Sweet whe 
obtained the specimens 
Holetype> NMV P5253528, an incomplete 


phragmocone from “Primrose Springs. Peake 
Station”. 

Paraiypes: NMV  P52325, an inconiplete 
phragmocone, and NMY P52326, an incom- 
plete body chamber; both from same locality 
as holotype, 

Age; Late Albian. 

Diagnosis: Species of Anisoceras in which 
lateral and ventro-lateral ribs may cover up to 
three ribs; ribs broad and strongly prorsira- 
diate on phragmocone, Lateral lobe of suture 
three times width of umbilical lobe, 
Description! Complete shell form unknown; 
description based on straight fragments, Whorl 
beight slightly greater than whorl width, Phrag- 
mocone known from whorl height of 20-24 
mm- Ornament consists of coarse, prosiradiate 
tihs which arise fram lateral tubercles in twos 
or threes, and form loop with circular to 
clongate ventrolateral tubercles. ‘The lewped 


ribs form a swollen bundle between which 
usually lics one relatively depressed inter 
calated rib belween the looped ribs, On dorsum 
are 12 ribs in a distance equal to the whorl 
height; ribs well developed on dorsum. Maxi- 
mun known height of body chamber 27 mm, 
Ornament similar to that on phragmocone, 
though tubercles a little more widely spaced. 
Ventrolateral tubercles more elongate than 
on the phragmocone. Lateral lobe of suture 
bifid and large, covering more than hulf flank 
of phragmocong; three times width and about 
twice height of bifid umbilical lobe, 


Discussion: A. sweeti is similar to A. armatum 
(J. Sowerby 1817) from the Late Albian 
Steliexkia dispar Zone (Cooper & Kennedy 
1979: Scholz 1979) in possessing prominent 
looped ribs with usually one intercalated rib. 
However, the ribs are only looped in pairs in 
A, armatum. Furthermore the ribs are more 
strongly prorsiradiate in A. sweeri. The two 
species can most easily be distinguished by the 
relative sizes of the lateral and umbilical lobes 
of the suture. In 4. armatum they are of 
approximately equal size or the lateral is just 
slightly larger than the umbilical (Scholz 1979, 
Fig. &), Tn A. sweeti the lateral Jobe is very 
large, being three times the width of the 
umbilical lohe- 

In A. heas? Cooper & Kennedy (1979) 
three, or four, ribs may be looped between the 
tubercles, However, the ribs are much finer 
than in A. sweet. 


APPURDICERAS Whitchouse 1926 


Type species: Ancyloceras cordycepoides 
Etheridge 1905 p, 14, Pl. t, figs 3-5, Pl. 2, 
fig. 4; by original designation of Whitehouse 
1926, p. 229. 


mended diagnosis: Coiling ancyloceratid, 
Ribs strongly developed, widely spaced; bifur- 
cale laterally and at umbilical tubercles on 
shaft. Ventrolateral spines regularly developed, 
bases covering one to three tibs. and forming 
‘loop and buiton’ ornament across venter- 
Ventrolateral spines on different ribs from 
umbilical tubercles, Umbilical lobe of suture 
bifid. 


Remarks’ Whitehouse (1926) proposed 
Appurdiceray tò accommodate Ancyloceras 
cordycepoides Etheridge, distinguishing it from 
other Australian heteromorphs by its 
prominent ventrolateral spines. Whitchouse 
yuestioningly placed a single labeceratid speci- 
men from Qld in thes genus, calling it 4.(7) 
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Fig. 2. Anisoceras sweeli sp. Nov.; 


P52326, paratype, dorsolateral view; from “Primrose Springs”, 


Late Albian; all x 1. 


etheridgei, with the result that Appurdiccras 
itself eame to be thought of as a subgenus of 
Labeceras (Wright, in Arkell et al. 1957; 
Reyment 1964a; Klinger 1976) which bears 
ventrolateral tubereles. A.(?) etheridgei is 
quite unlike A. cordycepoides, being a true 
labeeeratid whieh has ribs whieh do not bifur- 
cate on the flanks of the shaft, as they do in 
A. cordycepoides, and which do not form the 
charaeteristic anisoceratid looped ribs aeross 
the venter. The umbilieal lobe of labeeeratids 
is trifid, whereas in Appurdiceras it is bifid. 

Consequently, Appurdiceras is herein 
regarded as an anisoecratid and not a sub- 
genus of Labeceras. Whitehouse (1926) 
included /diohamites spiniger (J. Sowerby) 
from the English Late Albian in Appurdiceras. 
He also noted a similarity with Hamites 
nodosus J. Sowerby. This latter speeies was 
made the type of Heteroclinus by Casey 
(1961). However Klinger (1976) places this 
genus in synonymy with Protanisoceras (sec 
helow). 

Unlike specics of Anisoceras and Protani- 
soceras, which may bear both ventrolateral 
and lateral tubereles or spines, A ppurdiceras 
possesses ventrolateral and umbilieal tubereles. 
It ean also be distinguished from these two 
genera by the umbilical bifureation of the ribs 
on the shaft at tubercles which do not form 
by the eoalescenee of the ribs bearing the 
ventrolateral tubercles or spines, but by the 
coalescence of an interealated rib with one 
whieh does bear a ventrolateral tubercle. The 


NMV P52328, holotype, A, lateral view, B, ventral view; C, NMV 


Peake Station; Oodnadatta Formation, 


ribs may also occasionally bifurcate laterally. 
Species assigned to /diohamites tend to have 
numerous, fine ribs between the tubereulate 
ribs (Spath 1939), though as Klinger (1976) 
has noted, /diohamites grades into Anisoceras. 
Anisoceras and Protanisoceras differ from one 
another in the nature of the suture (see 
below). Whereas the umhilical lobe is trifid 
in Protanisoceras it is bifid in both Appurdi- 
ceras and Antsoceras. 


Appurdiceras cordycepoides (Etheridge 1905) 
FIG. 3 

1905 Ancycloceras cordycepoides Etheridge, p. 
14, Pl. 1, figs 3-5, Pl. 2, fig. 4. 

1909 Crioceras cordycepoides (Etheridge); 
Etheridge, pp. 142, 156, 159, 160. 

1926 Appurdiceras cordycepoides (Etheridge); 
Whitehouse, p. 230. 


21964 Labeceras (Appurdiceras) cordycepoides 
(Etheridge) Reyment, p. 25, ?Pl. 1, figs 
6&7. 

1969 Appurdiccras cordycepoides (Etheridge): 
Day, p. 156. 


non 
1966 Labeceras (Appurdiceras) cordycepoides 
(Etheridge); Ludbrook, p. 190. 

Lectotype: Herein designated: NMV P30032, 
from Dalhousie Springs (DALHOUSIE 
1:250000 geologieal map sheet) figured by 
Ethcridge (1905, Pl, 2, fig. 4). 

Paralectotype: SAM P2990 from Dalhousie 
Springs; figured by Etheridge (1905, PI. 1, 
figs 3-5). 

Age: Late Albian. 
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Diagnosis: As for genus. 

Description: Phragmocone initially ovoid in 
cross section and forms an open criocone for 
one whorl, then opens into a shaft. Whorl of 
Icetotype has maximum radius of 22.8 mm. At 
a quarter whorl, whorl height is 4.5 mm; at 
commencement of shaft it is 8.5 mm. Early 
part of whorl damaged, and it is not known 
whether ribs are tuberculate. Ribs are known, 
however, to be rectiradiate and not bifurcant. 
Whorl section of shaft sub-circular, Ornament 
changes on shaft such that ribs become more 
widely spaced than on coiled, carly part of 
phragmocone. Early ribs on shaft infrequently 
bifurcate on flanks. Bifurcations more common 
along shaft toward crozier. At these bifurca- 
tions tubercles are not developed. Bifurcations 
more commonly occur umbilically between a 
rib which bears a ventrolateral spine and an 
intercalated non-spinose rib. Ribs more 
strongly developed along shaft. Ventrolateral 
spines appear as rounded tubercles on internal 
mould. Across venter ribs which connect 
spines form a raised swollen band. A ‘button 
and loop’ ornament is formed across ventor by 
coalescence of three ribs at ventrolatcral 
spines. Initially ribs on shaft rectiradiate, but 
become increasingly prorsiradiate adapertually. 
On dorsum ribs less well-developed, but do not 
disappear. Shaft almost twice length of maxi- 
mum diameter of coiled phragmocone. Ada- 
perturally the body chamber recurves to form 
crozier. Paralectotype reaches a maximum 
whorl height of 16 mm and a maximum whorl 
width of 14.5 mm. Suture incompletely 
known: umbilical lobe bifid and narrow; 
internal lobe trifid. 


Discussion: Since the original description of 
the two type specimens the only specimens 
ascribed to this species are two from the Late 
Albian of Fossil Creek, Wooldridge Limestone 
Member, Oodnadatta Formation, locality 
5/ 550/1, 42 km NW of Oodnadatta (Reyment 
1964a) and specimens from Oodnadatta For- 
mation, Algcbuckina 17 (5/571/17), 13 km 
W of Mt Dutton (Ludbrook 1966), However, 
it is not possible for me to assign Reyment's 
fragmentary specimens to A. cordycepoides 
with any certainty as, although scemingly pos- 
sessing an ovoid to subcircular whorl scction 
and ventrolateral tubercles, there is no indica- 
tion of bifurcation on the flanks of the shaft. 
In his description of these spccimens Reyment 
does suggest the presence of occasional bifur- 
cations. If these specimens arc true members 
of A. cordycepoides their occurrence with 
species of Myloceras and Labeceras indicates 
that Appurdiceras may be a Late Albian form. 
Specimens referred to A. cordycepoides by 
Ludbrook are species of Protanisoceras (sec 
below). 

Etheridge's specimens were collected by 
H. Y. L. Brown from the region of Dalhousic 
Springs. Ludbrook (1966) has recorded both 
Albian and Aptian molluses from this area. 
In addition to describing A. cordycepoides 
from the Dalhousic arca, Etheridge described 
and illustrated other ammonites which have a 
Late Albian, rather than Aptian, affinity, in- 
cluding the Late Albian Myloceras and 
Labeceras. 


The development of ventrolateral spines is 
seen in other anisoceratids, such as Anisoceras 
(Klinger 


1976). Idiohamites (Spath 1939) 


Fig. 3. Appurdiceras cordycepoides (Etheridge 1905); A, NMV P30032, lectotype, lateral view; SAM 
P2990, paralectotype, B, lateral view, C, ventral view; from Dalhousie Springs; Oodnadatta Forma- 


tion, Late Albian; all x 1. 
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and Protanisoceras (Spath 1939). The two 
species from the English Late Albian, /dio- 
hamites spiniger and Protanisoceras nodosum, 
with which Whitehouse (1926) compared A. 


cordycepoides, diffcr in lacking the bifurcation 
of the ribs on the flank of the shaft and having 
lateral tubercles developed on the same ribs as 
the ventrolateral spines. 


Fig. 4. Protanisoceras auriculum sp. nov.; GSSA M2416, holotype, lateral view; from Algebuckina 17, 
32 km SE of Oodnadatta; Oodnadatta Formation, Middle Albian; x 1. 
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PROTANISOCERAS Spath 1923 


Type species: Hamites raulinianus d’Orbigny 
1842, p. 546, Pl. 134, figs 5-8; by original 
designation of Spath 1923, p. 75. 

Remarks: Spath (1939) distinguished Protani- 
soceras from the morphologically similar Ani- 
soceras by its smaller size, the more regularly 
planar coiling and simpler suture line which 
has a trifid umbilical lobe. Klinger (1976) has 
noted that this lobe is smaller than the lateral 
lobe in Protanisoceras, whereas he believed 
that it was of similar size to the lateral lobe in 
Anisoceras. The species of Anisoceras de- 
scribed here shows that even in some members 
of this genus the umbilical lobe may be much 
smaller than the lateral lobe. However, the 
trifid umbilical lobe of Protanisoceras and 
bifid umbilical lobe of Anisoceras are 
diagnostic. 

Klinger (1976) has further noted that the 
coiling and ornamentation are variable within 
Protanisoceras. Both ventrolateral and lateral, 
or just ventrolateral tubercles or spines may 
be present; they may appear on all, or only 
some, ribs. The tubercles may be connected 
by one or more ribs. Furthermore, the orna- 
mentation on the recurved crozier may vary 
considerably from the shaft. 

Casey (1961) regarded P, nodosum as 
belonging within a separate genus, which he 
named Heteroclinus, on account of its ‘button 
and loop’ ornament. Klinger (1976) has pre- 
ferred to regard Heteroclinus as a synonym of 
Protanisoceras as species such as P. parce- 
tuberculatum Collignon show intermediate 
characters between Protanisoceras and Hetero- 
clinus in possessing both single and looped 
ribs. This situation also oecurs in one of the 
Australian species described below. 


Protanisoceras auriculum sp. 

FIGS 4, 5, 6B, 9A-C 

Etymology: Latin—auricluim—ear; pertaining 
to the shape of the shell. 


nov. 


1966 Labeceras (Appurdiceras)  cordycepoides 
(Etheridge) (pars.); Ludbrook, p. 190. 
1966 Myloceras axonoides (Etheridge); Lud- 


brook, pp. 44, 190 (pars.), Pl. 28, fig. 1. 
Holotype: GSSA M2416, part of the phragmo- 
cone and body chamber (Figs 4, 5A); from 
Oodnadatta Formation, Algebuckina 17 
(5/571/17) (Ludbrook 1966), 27°493’S, 
135°344’E, 32 km SE of Oodnadatta, S.A., on 
North Creek, near its junction with Neales 
River (OQODNADATTA 1:250000 geological 
map sheet). 
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Paratypes: GSSA M2444, 3546, from the 
same locality as the holotype and M3547 from 
Toodla 8 (5/561/8), 3 km SW of Mt Arthur, 
2731S, 1352416, 

Other material: In addition to the type speci- 
mens, ]2 further specimens are known: GSSA 
M2446, 2454, 3548-3556 from Algebuckina 
17 and M3061, 3557 from Toodla 8. 

Age: Middle Albian. 

Diaguosis: Coiling aspinoceratid. Ventrolateral 
tubercles oecur infrequently on single ribs on 
early phragmocone and late body ehamber; 
occur more frequently on later phragmocone 
and early body chamber where may cover two 
or three ribs. Ribs broad and widely spaced on 
early phragmocone; becoming fincr and more 
closely situated adaperturally. 


Description: Phragmocone forms open coil 
throughout. Whorl section ovoid throughout, 
whorl height slightly greater than whorl width. 
At earliest known part of phragmocone (Fig. 
SE) at whorl height of 4 mm, ornament con- 
sists of simplc, non-tubereulate, slightly pror- 
siradiate ribs. At this stage there are four ribs 
in a distance equal to whorl height. At slightly 
greater whorl height every fifth or sixth rib is 
flattened across venter and small tubercles 
occur ventrolaterally. Up to a whorl height of 
9 mm ribs beeome increasingly prorsiradiate; 
ribs more strongly inclined toward dorsum. 
Tubercles at this whorl height occur more 
frequently and become elongate, spreading 
across two ribs; up to two intercalated non- 
tuberculate ribs. Across venter ribs form loop 
between tubercles and on latter part of phrag- 
moeonc form swollen band. Tubereulate ribs 
may also form swollen band on flanks. At 
whorl height of 10 mm tubercles may cover 
three ribs and be separated by only one or two 
intercalated ribs. Ribs on dorsum pass straight 
across and are weaker than on flanks. Between 
whorl height 14 mm and 26 mm ribs become 
more rcctiradiate. At whorl height of 30 mm 
thcre are 11 ribs in a distance equal to whorl 
height. 

Body chamber commences at whorl height 
of 32 mm. Tubcreles become more widely 
spaced, covering 2-3 ribs bcing separated by 
up to 7 intercalated ribs. Last large tubercles 
oecur at whorl height of 41 mm. Tubcrcles 
may become spinose on early body chamber, 
but progressively decrease in size adapertur- 
ally, covering only one rib but oceurring on 
every rib. On body chamber ribs become almost 
reetiradiate; they become increasingly sinu- 
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A 


Fig. 5. Protanisoceras auriculum sp. nov., A, GSSA M2416, holotype, ventral view; B, GSSA M2444, 


paratype, lateral view; GSSA M3547, paratype, C, lateral view, D, ventral view; E, GSSA M3550, 
lateral view. A, B, E from Algebuckina 17, 32 km SE of Oodnadatta, C, D from Toodla 8, 3 km 
SW of Mt Arthur; all Oodnadatta Formation, Middle Albian; all x 1. 


soidal adaperturally. Body chamber reaches a 
maximum known whorl height of 50 mm. 
Suture line with broad, bifid lateral lobe and 
small, trifid umbilical lobe, half width of 
lateral lobe; internal lobe trifid (Fig. 6B). 


Discussion: Klinger (1976) has expanded the 
concept of Protanisoceras to include those 
forms which have tubercles spreading across 
more than one rib. This looped ornament, so 
well developed in P. auriculum, is secn in the 
European Joricatus Zone (mid-Middle Albian) 
P. nodosum and P. flexuosum (d’Orbigny). P. 
auriculum can be distinguished from thcse 
specics by its more elongate tubercles which 
extend over a greater number of ribs on the 


phragmocone, morc prorsiradiate ribs and less 
ornamented body chamber. The Madagascar 
species P. parcetuberculatum Collignon (1962), 
like P. auriculum, possesses both single and 
looped ribs. It can be distinguished from P. 
auriculum by its narrower ribs and smaller 
tubercles. 


Protanisoceras gracile sp. nov. 
FIGS 6A, 7, 9D, E 
Etymology: Latin—gracilis—slender. 
1966 Labeceras (Appurdiceras) cordycepoides 
(Etheridge) (pars.); Ludbrook, p. 190. 


1966 Myloceras axonoides (Etheridge) (pars.); 
Ludbrook, p. 44. 
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Hololype; GSSA M2455, from Oodnadatta 
Formation, Algebuckina 17 (5/571/17) (Lud- 
hrook 1966), 27°494’S, 135°344°E, 32 km SE 
of Oodnadatta, on North Creek, near its 
junction with Neales River (OODNADATTA 
1:250 000 geological map sheet), 


Paratypes: GSSA M3558 from same locality 
as holotype and M3059 from Toodla 8, 3 km 
SW of Mt Arthur, 

Other material: GSSA M2449, 3560-3567 
from Algebuckina 17 and M3568-3569 from 
Toodla 8, 


Age: Middle Albian. 


Diagnosis: Coiling ancyloceratid; whorl sec- 
tion ovoid, Ventrolateral tubercles infrequent, 
occurring only of shaft and restricted to single 
ribs. Ribs prorsiradiate throughout, except on 
recurved hook where become rectiradiate 
adaperturally. 

Description; Earliest known part of phrag- 
mocone with whorl height of 3 mm; mod- 
erately strongly coiled; with single, non-tuber- 
culate, gently prorsiradiate ribs. Tubercles first 
appear at whorl height of 9 mm as small 
prominences either side of siphonal line. On 
early part of shaft tubercles occur on about 
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every sixth rib, At Whorl height of 10 mm ribs 
become sinuously prorsiradiate, more strongly 
inclined toward dorsum. Ribs thicker and 
more widely spaced along shaft. At whorl 
height of 12-14 mm small tubercles present on 
all ribs in some individuals, bul less frequently, 
or not at all, on others, On recurved body 
chamber tubercles absent. Adaperturally ribs 
on body chamber wider and rectiradiate. 
Whorl section ovoid throughout shell with 
width 82% whorl height, with maximum whorl 
height on recurved body chamber of 19 mm, 
Suture line like that of P. auriculum. 

Discussion; P, gracile can be easily distin- 
guished from P. auriculum by its smaller size: 
possession of a shaft; weaker tuberculation; 
absence of looped ribs and. slightly smaller 
lateral lobe. P. gracile is most similar to P. 
nodosum from the Middle Albian loricatus 
Zone in southern England in lacking lateral 
tubercles and having ventrolateral tubercles 
which do not occur on all ribs, P. gracile 
differs in its lack of looped ribs, tubercles 
which are not spinose, possession of more 
strongly prorsiradiate ribs and absence of 
luberculation on the body chamber, #. 
flexuosum, also from the loricatus Zone, simi- 
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Fig 6, Suture lines of: A; Prutanisoceras gracile 8p. nov., GSSA M2455, holotype, at whorl height of 


12.5 mm; B, P. aurictlum sp. 
soceras sp. B, NM 


E = external lobe, 


V P52327, at whorl height of 14 mm; 
P52328, holotype, at whorl height of 23 mm, f — inlernal lobe; U = umbilical lobe: L 


noy., GSSA M3546, paratype, at whorl height of 16 mm: C, Preiani- 


D, Anisaceras sweeti sp, nov, NMV 
lateral lobe: 
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Fig. 7. Protanisoceras gracile sp. nov.; GSSA M2455, holotype, A, lateral view, B, ventral view; C, 
GSSA M3059, paratype, lateral view; GSSA M3558, paratype, D, lateral view, E, ventral view; 
A,B,D,E, from Algebuckina 17, 32 km SE of Oodnadatta, C from Toodla 8, 3 km SW of Mt Arthur; 
all from Oodnadatta Formation, Middle Albian; all x 1. 


larly laeks lateral tubercles and possesses only 
small ventrolateral tubereles like P, gracile; 
however in P. flexuosum they oeeur more 
frequently. 

P. gracile is similar to some species from the 
English Early Albian mammillatum Zone, 
such as P. raulianum (d'Orbigny), P. canti- 
anum (Spath) and P. blancheti (Pietet & Cam- 
piche). These speeies, like P. gracile, possess 
only ventrolateral tubereles and laek looped 
ribs. However, P. gracile ean be distinguished 
from these species by its more strongly pror- 
siradiate ribs. P. gracile resembles P. gradatum 
Collignon (1963, p. 40, Pl. 256, fig. 1101) 
from the Early Albian of Madagascar, but it 
is smaller and possesses more inclined rihs. 


Protanisoceras aff. gracile sp. nov. 
FIGS 8, 9F 

Material and locality: One specimen, GSSA 
M2441, from Oodnadatta Formation, Alge- 
buckina 17 (5/571/7), 32 km SE of Oodna- 
datta (OODNADATTA 1:250 000 geological 
sheet map). 

Age: Middle Albian. 

Remarks: This specimen, consisting of the 
latter part of the shaft and the recurved body 


chamber, differs from P. gracile in the pos- 
session of tubereles which extend aeross two 
ribs on the latter part of the phragmoconce. 
Like P. gracile the body chamber lacks tuber- 
culation; however, the tighter reeurving of the 
body ehamber has resulted in the umbilical 
bifureation of some ribs. In terms of whorl 
section and size this specimen conforms with 
P. gracile, but its more strongly developed 
tubereulation and tighter reeurving are dis- 
tinetive. 


Protanisoceras sp. A 
FIGS 9G, 10A, B 

Material and locality: An incomplete shaft, 
NMV P60543, from “Primrose Springs, Peake 
Station”. 
Age: Middle Albian. 
Description: Whorl section cireular with dia- 
meter of 16 mm. Ribs slightly prorsiradiate; 
each rib bears small ventrolateral and lateral 
tuberele. Tubereles cover only single rib. There 
are eight ribs in a length equal to whorl dia- 
meter. 
Discussion: This form ean be easily distin- 
guished from P. sp. B by the absence of looped 
ribs with tubereles covering more than one rib, 
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Fig. 8. Protanisoceras aff. gracile sp. nov.; GSSA M2441, A, lateral view, B, ventral 
view; from Algebuckina 17, 32 km SE of Oodnadatta; Oodnadatta Formation, Middle 


Albian; both x 1. 


The absenee of suturc and the impression of 
the dorsum of thc phragmoeone on the matrix 
attached to the specimen indieate that the 
specimen is the recurved body chambcr. It is a 
much longer body ehamber than possessed by 
other Australian species of Protanisoceras of 
similar size. The ribbing is finer and more 
closely spaeed than seen in English Early- 
Middle Albian species. The Middle Albian P. 
cantianum Spath (1939) from southern 
England has a similar whorl seetion and tuber- 
culation, but it possesses thieker, more widely 
spaced ribs. 


Protanisoceras sp. B 
FIGS 6C, 9H, 10C, D 


Material and locality: A single, ineomplete 
phragmoconc, NMV P52327, from “Primrose 
Springs, Peake Station”. 

Age: Middle Albian. 

Description: This specimen, an incomplete, 
largely internal mould of the latter part of the 
phragmocone, is characterised by possession of 
large ventrolateral and lateral tubercles of 
similar size. Tubercles connceted by looped ribs 
and extend across three ribs; separated by 0-2 
interealated non-tuberculate ribs. Whorl section 
is scmicireular. This form particularly charae- 
tcrised by large, bifid lateral lobe (Fig. 6C) 
whieh is almost half as wide again as first 


saddle; it is four times wider than trifid 
umbilieal lobe. 
Discussion: Specimens of Protanisoceras 


deseribed by Klinger (1976) from Zululand 


also possess both ventrolateral and lateral 
tubereles. However, in all the forms 
Klinger described the tubereulate ribs are 
much more widely separated by non-tuber- 
culate ribs than in the S.A. forms. P. sp. B 
compares with some English Late Albian 
speeies of Anisoceras, such as A. armatuin, 
in the nature of the tuberculation; howevcr, 
whereas species of Auisoceras possess a bifid 
umbilical lobe it is trifid in P. sp. B. The 
ornamentation is like that of A. sweeti. The 
two speeies can be distinguished by the nature 
of the umbilical lobe and the smaller size of 
P. sp. B. This species differs from P. auriculum 
and P. gracile in its possession of lateral 
tubereles. 


Family HAMITIDAE Hyatt 1900 
HAMITES Parkinson 181] 
Type species: Hamites attenuatus J. Sowerby 


1814, by subsequent designation of Diener 
1925, p 69: 


Hamites cf. attenuatus J. Sowerby 1814 


FIG. 11 
Material aud localities: A complete body 
chamber, NMV P52336 from “Primrose 


Springs, Peake Station”, and an ineomplete 
body chamber, GSSA M2447, Oodnadatta 
Formation, Algebuekina 17 (5/571/17). 

Age: Middle Albian. 

Remarks: The well prescrved body ehamber 
has an almost circular whorl seetion. Like H. 
attenuatus from the Middle Albian dentatus- 
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Fig, 9, Diagrammatic representation of variation in distribution of ribs and tubercles in species of 
Pretanisoceras. A-C, P. auriculum sp. nov., A, GSSA M3550, B, GSSA M3547, paratype, C, GSSA 
M2444, paratype; D-E, P. gracile sp. nov.. D, GSSA M3558, paratype, E; SADM M2455, holo- 
type, F, P. aff. gracile sp. nov., GSSA W2441, G, P. sp. A, NMV P60543; H, P, sp. B, NMY P52327, 


All natural size. 


loricatus Zones of southern England, the 
S.A. form possesses ribs which are slightly 
prorsiridiate prior to the hook; rectiradiate 
on the hook, becoming initially rursiradiate 
on the recurved shaft, then finally rectira- 
diate. Similarly it has 7-8 ribs in a length 
equal to the whorl diameter. The whorl section 
of the English form is said to be slightly 
laterally compressed (Spath 1939) whereas it 
is slightly dorsoventrally compressed in the 
S.A. form. 

In both forms the adapertural part of the 
body chamber curves away from the phragmo- 
cone, The impression of the dorsum of the 
phragmocone against the body chamber (Fig, 
IIA) shows that the body chamber was 
deflected away from the phragmocone during 
growth as the two shafts came into contact. 

The suture line of the S.A. form is of similar 
proportions to the English form, with a bifid 
lateral Jobe and small trifid umbilical lobe. 
Whitehouse (1926) described a form from the 
Albian of Qld which he called H. aff. maxi- 
muy J, Sowerby, This specimen, as can be seen 
in Whitchouse’s figure, possesses n trifid 


lateral lobe, whereas in Haniites it is bifid; 
it is thus not a species of Hamites. 


Age of the ammonites 

The Marree Subgroup comprises the Aptian 
Bulldog Shale and the Albian Oodnadatta 
Formation (Freytag 1966, Ludbrook 1966, 
1978, 1980). Since Ludbrook’s (1966) bio- 
stratigraphical study was submitted for pub- 
lication, the OODNADATTA 1:250 000 geo- 
logical map sheet has been published (Freytag 
et al. 1967) and the rock units comprising the 
Aptian-Albian sequence named in some detail 
(Freytag 1966). It is now possible to relate the 
ammonites to the rock units, as mapped on the 
OODNADATTA and adjoining sheets, from 
which most of them were collected. 

The ammonite Sanmartinoceras (Sinzovia) 
/ontinale from the Marree Subgroup at *Prim- 
rose Springs, Peake Station’ was described by 
Hudleston (1890). Thomson (1974) discussed 
the range of Sanmartinoceras and believed 
that it is, by and large, an Aptian form. The 
occurrence of S. (Sinzevia) in association with 
Tropaeum in Qld led Day (1969) to conclude 
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Fig. 10. Protanisoceras sp. A; NMV _ P60543, A, lateral view, B, ventral view. 
Protanisoceras sp. B, NMV P52327, C, lateral view, D, ventral view. Both from “Primrose Springs, 
Peake Station”; Oodnadatta Formation, Middle Albian, both x 1. 


Fig. 11. Hamites cf. attenuatus J. Sowerby 1814; A, lateral view, B, ventral view; 
from “Primrose Springs, Peake Station’; Oodnadatta Formation, Middle Albian; 
x 1. Arrow indicates impression of dorsum of part of phragmocone. 


a Late Aptian age for the genus in Australia. 
A Late Aptian age for part, at least, of the 
Bulldog Shale is further indieated by the 
presence of Tropaeum in S.A. (Howehin & 
Whitehouse 1928). 


In her biostratigraphical study of the 
Cretaeeous roeks of the Great Artesian Basin 
in S.A. Ludbrook (1966) concluded that 
there was no reliable means of establishing a 
detailed biostratigraphic zonation of the 
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Marree Subyroup between the Late Aptian 
and Late Albian on the evidence of animonites. 
Part of the reason for this hus been the atiribu- 
tion of any small heteromerph ammonite 
found in tbe formation to the Late Albian 
genera Myloceray or Labeceras (eg. Leid- 
hroaok 1966), although it has naw been shown 
that a number of other genere ave present. It 
niso stems from the inaccurate statement of 
Brunnschweiler (1959) who, in deseribing 
species of Faleiferelia trom the Santos Ooudna- 
dawa Wo. 1 Well, stated, “The heds fram the 
surface down to about 475 feet contain also 
Myloceray, Lubeceras, Appurdiceras, Bolite- 
ceras ete, and are to he regarded as early 
Upper Albian. 2") Fateiferella he recorded 
between 71,5 m (235 ft) and 113.3m (472 tt). 
This led Brunnschweiler to conclude that 
faleiferclla was of bate Albian age in 
Australia (even though it is restricted to the 
Middle Albian intermedius and niobe Sub- 
zones of the foricatas Zone in England (Owen 
1971) as the Lebeecras-Myloceras fauna in 
Qld, Madagascar and Zululand has been 
established as Late Albian (Whitchouse 1926, 
Klinger 1976, MeNamara 1978). However, as 
Ludbrook (1966) has noted, this Late Albian 
launa does not occur with Fuleiferella in the 
Oodnadatta No. 1 Well. Brunnschweiller was 
probably referring to the Late Albian 
ammonite fauna at Fossil Creek (Reyment 
19d aly). 


Ludhrook (1966) ploced the “unnamed green- 
sand member” (now the Coorikiina Member 
ol the Oudnadathe Formation), which overs 
in Santos Oodnadatta No, 1 Well between 131 
and 137 m, ar the base of the Albian. She 
records Falciferclia in the well between this 
member and the lop of the Oodnadatta Forma- 
tion, whieh is thought to be of Late Albian age 
(Ludbreok 1978), at whout 91 m. This is sug- 
oeslive of a Middle Albian age for Falciferella 
in Australia as in England, 


Cooper & Kennedy (1979) have recently 
placed the two desenbed Australian species 
F. hreadent and F. reymenti, in the binneyitid 
Norisstakaveras, which, apart fram an incom- 
plete specimen from the uppermost Albian 
af Angola, is restricted to the Late Ceno- 
manian to Early Turonian (Wright in Arkell 
+l al. 1957), Cooper & Kennedy consider that 
there is a direct phylogenetic relationship 
belween the Middle Atbiun Fulciferclla, with 
its Faleoid growth lines and ribs. and the almost 
smooth Baorissiakeceras. Following Rrunn- 
schweiler’s assignment of a Late Albian uge to 


Bo freadent and F: reymemi, Cooper & 
Kennedy suggested that these species may 
helong in Borissiakoceras, However, these 
species, like the type species of Fulciferclla, F, 
millbonrnei Casey |1954), have fine ribs on 
the body chamber. and a trifid lateral lobe, 
which in Barivsiakoceray ws bifid (Cobban 
1961}, Examination of the type and topotype 
material of F. breadeni fram the Oodnadatta 
Formation, revealed the suture line to be more 
erenulate than shown by Brunnschweiler 
(1959), being very close to that af F. mill- 
bourne’. Furthermore the @ecurrence of F. 
hreaden’ and F. reymenti with the Middle 
Albian species af Pratanivaceray (see below) 
and a Middle Albian species of Marmiles, and 
possessing Tibbing which is more akin to Fal- 
ciferella thin to Borissinkoceray, Suggest that 
Bruiouschweilers original emplacement in 
Falcifereila is more appropriate. Obviously 
there is a close relationship between these two 
genera, sufficient for Kennedy & Juignet 
(1973) to have placed Falcijerella in the 
Binneyitidae and not the Oppeliidac as did 
Wright (in Arkell ef al, 1957), 

At Algebuckina 17 Faletferella occurs (Lud- 
brook 1966) with Protanisoceras auriculum 
and P. gracile- Species of Protanisoceray also 
occur at “Primrose Springs, Peake Station’. 
Protanisoceras was considered by Wright Cin 
Arkell ef ai. 1957) to tange from the Early- 
Middle Albian, The youngest species ia the 
English Middle Albian occurs in the inter- 
inediny Subzone of the loricatus Zone (Owen 
1971), Klinger (1976) extended its lower 
range into the Lale Aptian. Casey (1961) has 
shawn thal the vurliest English Albian species 
of Pretanisoeeras, whieh appear in the 
florid Subzone of the meanamilldtian Zoe, 
compare closely with contemporaneous species 
ul Mamites, differine only in the develop- 
ment of small ventrolateral tubereles which 
cover single ribs, In the succeeding raulianum 
und puzianus Subzones there is a general trend 
toward inereasing tuberculatian, the species 
possessing more frequent imd prominent ven- 
trolateral tubercles and the development of 
lateral tubercles! these species coexist with 
poorly tuberculate species. In the early Middle 
Albian denhuus and early loricarniy Zones 
(Spath 1939) species with lateral tubereles 
predominate. and an increasing number of 
species, sich as P. nodosum and P, flexuosum 
of the furicatus Zone (Owen 1971), have 
looped mhs: In ihese fater species there is a 
loss of lateral tuberetes. as occurs in P. anricu- 
Jum and P gracile. 


158 K- J, MCNAMARA 


The occurrence at Algebuckina 17 of species 
of Pretaniseceras morphologically closest to 
the lericatis Zone species, coexisting with 
species of Falciferella, which oeeurs only tn 
the first two subzones Of the loricatus Zone 
(Owen 1971h and with Mamites ef armenu- 
alus, Which ranges from the late derarus Zone 
through the /oricarus Zone, suggests that this 
part of the Oodnadatta Formation may eor- 
relate with the mid-Middle Albian Jericunes 
Zone of the Anzlo-Paris Basin- 

The locality cited as “Primrase Springs, 
Peake Station” in the old literature probably 
includes more than one locality, as stated 
above, Until the WARRINA 1:250 000 geo- 
logical map sheet is mapped in detail, it will 
not be possible to identify the precise localities 
from which the Late Aptian Sanmarrinoceres 
(Sinzovia) fontinale, and the Middle Albian 
species of Protanixoceras with looped ribs aud 
Haniites cf. atrenuatus, were collected In 
addition, the occurrence of Anisoceras sweetl 


indicates that younger strata also outerop in 
this region. us the genus ranges from the Lale 
Albian to the Late Turonian (Wright in Arkell 
et al. 1957). As the Blanchewater Formation 
Which overlies the Marree Subgroup in the 
Marree area is thought to be latest Albian in 
age, possibly extending into the Cenomanian 
(Ludbrook 1966, 1978), the upper part of the 
Oodnadatia Formation is early Late Albian in 
age. This has been established at Fossil Creek 
hy the presence of My/oceras and Labeceras, 
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AGES AND ASHES IN LAKE FLOOR SEDIMENT CORES FROM VALLEY 
LAKE, MT GAMBIER, SOUTH AUSTRALIA 


BY C. E. BARTON & M. W. MCELHINNY 


Summary 


A set of our cores from Valley Lake shows a sequence of fresh water organic muds above a band of 
argonite 8-10 cm thick, overlying a graded calcareous tuff. Magnetic remanence and susceptibility 
measurements indicate the absence of volcanic episodes since the onset of deposition of the organic 
muds 5000 to 6000 years ago. Radiocarbon ages of ~14 000 years and ~38 000 years for the 
aragonite band and the tuff respectively are not considered to reflect their ages of formation. 


